HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers. L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt et à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés. Abstract -The characteristics of a-R/C:H films, produced by PECVD on Si(100) surface using the novel harmless precursorcarborane have been studied. Those films proved to be excel1 -ent for protection tokamaks inner surfaces, for they are heat-proof and chemically resistant. EPMA and ellipsometry used together enabled to determine not only the films composition and thickness, but also the density and some other
parameters. A special computer program based on YakovitzNewbury method has been developed to study rather thin ("100nm) films by EPMA. Spectroellipsometry was used to determine the wave dependence of the films optical constants. It has been established that B/C rat.io grows from 1 to 3.6 with increasing in carborane pressure and does not depend on a substrate temperature and voltage applied. EPMA measurements performed in cooperation with ellipsometry showed the increasing microporosity (up to 402) foslth_ezfilms exposed to the fluence of deuterium ions about 10 cm .
1. -Introduction.
Boron-containing coatings are generally deposited on inner surfaces of tokamaks with purpose to improve plasma parameters by preventing D-plasma and metal surface interactions [I] . The knowledge of how CVD regimes influence films characteristics: composition, thickness, porosity, etc. is necessary t,o perfect the surface protection. Moreover one should be aware of how these characteristics affect the coating resistance to D-ion irradiation and oxygen absorption. Obviously, these films, whether they were produced in a laboratory setup or in a tokamak, should be carefully studied. Elect,ron probe microanalysis (EPMA) proved to be suitable for examination of the films chemical composition . Although it was designed to study samp--les more than lpm thick, recent computational. advances provide quantitative analysis of thin " 0 . 1~ films [Z] . EPMA is even more reliable than Auger spectroscopy and ESCA (electron spectroscopy for chemi-.
cal analysis) for the signal is formed not by a thin outerlayer but by the film as a whole, so it is less sensitive to surface roughness and contamination. What is more EPMA gives mass thickness of a coating without its destruction and makes it possible to analyze actual rough parts of a tokamak. We used ellipsometry for porous films analysis in order to determine linear thickness , optical constants and porosity of the films (EPMA only gives values of mass thickness [Z]).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993323 So, the main purpose of this paper is to devise a suitable technique for coatings characterization just after PECVD ( in a laboratory setup or in a tokamak) or during their aging in air and under D-ions irradiation.
2. -Experimental procedures.
PECVD was performed in the laboratory setup (-3descriged in details in [3] ) by dc glow discharge plasma at p=3x10 -5~1 0 -torr, substrates temperature ~= 5 0 -2 5 0 "~. The ion energy was 20eV, while the sample was at floating potential, and it was 500eV, if the voltage was applied. 1,7-dicarbo-closo-dodecaborane(l2) Cz B1,Hlz -a crystal1 ine powder with high value of saturated vapor pressure -was used as the precursor for PECVD in the laboratory setup and in T-3M and T-11M tokamaks as well [ 4 ] . Unlike. diborane and trimethyl borane used before, this precursor is accident proof and is not toxic [5] . Experiments on D-ioq irradiation have been f6arri_ed -%out in the same laboratory setup, D_-ion fluence being 3x10
The tons energy was 50 eV, substrate tem;erature was in the range of 100 -500"~. EPMA measurements have been carried out using microanalyzer CAMEBAX, equipped with lead stearate crystal (ODPb) for light elements analysis. Accelerating voltage was "Eo=lO kV, beam current I=100mA, at the normal beam incidence and ~= 4 0 take off angle. In order to avoid radiation damage the beam was defocused to a 50 pm spot. Boron, diamond and silicon dioxide samples were used as standards for boron, carbon and oxygen elemental analysis respectively. A special plate located just above a sample and cooled by liquid nitrogen was used to prevent surface contamination with hydrocarbons. EPMA is generally used for analysis of bulk samples comprising heavy elements with Z>lO. The analysis of thin films (d<lgm) comprising light elements: boron, carbon or oxygen meets difficulties [6, 7] . Xray lines of these elements can be strongly affected by shifts or shape alternations, so they should be accounted for when measuring characteristic X-ray radiation intensity . As for the shape, G.F.Bastin suggested that a correction area-peak factor (APF) measured in a special experiment was used and K-ratio should be calculated from [ 6 , 7 ] ) , t h a t i s o f s p e c i a l i m p o r t a n c e f o r l i g h t e l e m e n t s a n a l y s i s . The f i l m s w e r e c o n s id e r e d u n i f o r m a l o n g t h e d e p t h . S e c o n d a r y f l u o r e s c e n c e was n o t t a k e n i n t o a c c o u n t f o r i t i s n e g l i g i b l y s m a l l i n B-C-B s y s t e m s .
I t s h o u l d b e n o t e d t h a t a l t h o u g h t h e r e i s up t o 3O%at o f h y d r o g e n i n t h e f i l m , i t d o e s n o t a f f e c t B-Ka a n d C-Ka r a d i a t i o n i n t e n s i t i e s [ 2 ] and i t may b e n e g l e c t e d . The a c c u r a c y o f t h e a n a l y s i s i s combined o f t h e s t a t i s t i c a l u n c e r t ai n t y i n K -r a t i o m e a s u r e m e n t (3-5%) and o f t h e c a l c u l a t i o n s a c c u r a c y "7%. The a c c u r a c y o f mass t h i c k n e s s and c o m p o s i t i o n d e t e r m i n a t i o n was b e t t e r t h a n l o % , t h e a c c u r a c y o f B / C r a t i o d e t e r m i n a t i o n was b e t t e r
t h a n 15%. T h e s e r e s u l t s a r e s u p p o r t e d b y t h e a n a l y s i s o f t h e s t a n d a r d f i l m s , f o r w h i c h mass t h i c k n e s s was m e a s u r e d u s i n g w e i g h t i n g . s t a n d a r d ) .
n t e n s i t y i s m a i n l y p r o p o r t i o n a l t o c a r b o n c o n t e n t i n t h e c o a t i n g , b u t t h e s l o p e o f t h e c u r v e d e p e n d s on b o r o n c o n t e n t . V a r i a t i o n s i n t h e p r o p o r t i o n a l i t y f a c t o r a r e r e l a t e d t o s t r o n g c a r b o n K a -l i n e a b s o r p t i o n i n b o r o n . I n c o n t r a s t , B-Ka-line a b s o r p t i o n i n c a r b o n i s n o t s i g n i f i c a n t , s o t h e c u r v e s s l o p e s w e a k l y depend on c a r b o n c o n t e n t i n t h e c o a t i n g ( F i g . 2 ) . T h e s e c a l i b r a t i o n c u r v e s w e r e u s e d f o r a b r i e f e v a l u a t i o n o f t h e r e s u l t s o b t a i n e d .
Ellipsometric measurements were performed using Gaertner L119XUV manual ellipsometer, equipped with Bausch & Lomb grating monochromator, in the range of wavelength X= 360-660nm. The experimental setup and the calculating procedure are described in [ 8 ] .
3.
-Results and discussion.
The chemical composition of a-B/C films ( B, C and 0 content) determined by EPMA is shown in Fig.3 . It was practically the same for different substrates and did not change when the voltage had been applied to the substrate, the diversity of mass thicknesses was-Jess than 15%. But if the deposition pressure increased from 3x10 to 5xl0-'torr, B/C ratio rose from 1.6 to 3.6 approaching the value B/C=5 characteristic of the precursor. It should be mentioned that oxygen content in just deposited films was less than 3Xat. This amount grew to ZOXat after the films had been aged in air for a year. Further observation showed no changes, and that points to the saturation of the process. It is important that the a-B/C deposits should be resistant to Dplasma exposure. EPMA analysis of the films exposed to 37ion2irradia-tion showed that B/C ratio did not change up to 3.5 10 cm dose in the films with B/C>2.5, but decreased in the films with lower B/C ratio. Mass thickness went down with the dose, the rate of erosion being practically constant. Thickness values obtained using ellipsometry disagreed with those of EPMA determined in approximation of constant density (Fig.4) . To clarify these facts we used ellipsometry with immersion, in other words we measured azimuth of polarization spectra of the samples twice: just after D-ion irradiation and then after their immersion to hexan (n=1.37). The experiment showed that not the film thickness, but the refractive index changed with the dose. It means that the film porosity develops under D-irradiation approaching the value 40% at the highest dose. Judging from the experiments the pores were less than 50nm in size. Ellipsometric data also showed that the pores size decreased in the inner part of the film. So, the erosion study showed that a-B/C films were highly resistant to D-ion irradiation, for the rate of erosion did not increase with the dose and was 50 t.imes less than that of graphite. 4. -Conclusion.
EPMA measurements combined with ellipsometry show considerable promise as t,he means for PECVD films analysis. It has been established that B/C ratio in a-B/C films grows from 1.0 t,o 3.6 with increasing in carborane pressure during deposition and does not depend on substrate temperature and voltage applied. The films absorb oxygen slowly, 0-content approachs the saturation value 203,at ?$thin a year. The films exposed to the D-ions fluence about 10 cm exhibit up to 40% microporosity.
